The CIRFB model requires that the basin boundaries be specified as functions of time. The model will predict the stress distritiutions inside the basin rock volume, and it will model the deformation and fractures in these rocks in response to the stress applied at the basin boundaries and basin floor. We need to calculate the amount of the basin's deformation that can affect this model. We need to calculate the direction of the deformations, and to the extent possible, their timing.
We assume that (1) The Ellenburger deformation directly reflects deformation in the basement. That is, the Ellenburger conforms to the basement, so basement deformation will appear as Ellenburger deformation or as cracks in the Ellenburger. Pennsylvanian unconformity. For prposes of deformation calculation, we will assume the Simpson conforms to the Ellenburger, transmits its deformation, and so on up section.
neglected and do not affect the sub-thrust sheet out in the basin, away form the bounding faults. (5) The basic response of the rocks is to deform through fractures. Intense deformation will indicate intense fracturing.
(4) Deformation of a portion of the fonnations under the hanging wall block can be
Methods
Shortening is defined as a difference in length. The only questions are when and where we measure and compare the lengths. Figures 1A and 1B show a general and close-up view of a deformed surface, Z(x,y,z). We need to calculate the change of length of various lines or sections in the undefonned surface as it is distorted into the deformed surface. In particular, we are interested1 in the surface changes in the direction of the surfaces' greatest rate of change.
To determine this maximum rate, we nced to examine the gradients of the surface. Figures 1A and 1B will assist this effort. Consider a simple surface embedded in
Cartesian coordinates x, y and z. The lengths S, S(x,y), and D in Figure 1B are related through Pythagorean theorem. D is the shortening, the difference between S and S(x,y).
To find the direction of the greatest of change, we simply calculate the shortening as a function of direction and take the direction of the greatest one.
If a is the angle between the diagonal S(x,y) and the x axis in Figure 1 B, we find the maximum change when we solve the eigenvalue problem below for a and h.
Of course, the nonzero eigenvalue is the interesting one. With it we obtain both the direction and magnitude of the change in the surface Z. Interestingly, the eigenvalue is just the sum of the squares of the gradients along the axes chosen. The square root of this eigenvalue represents the maximum gradient. It is a calculable and mappable quantity. We areinterested in how much the surface was changed as it was distorted from a flat plane into the curved shape seen in Figure 1A above. Figure 1B . Basically, the distance S, the long diagonal, was stretched from the short red diagonal lying in the plane of 6x and 6y and denoted S(x,y) to become S. S and S(x,y) have the formulas as shown, and the change in the value of the surface is D.
The figures below illustrate the Ellenburger top for the general area covering the West Texas and New Mexico Permian Basins. Figure 2 shows the Ellenburger top, and Figure 3 shows the shortening the eigenvalue 1 defines for the areas immediately surrounding Ector County, Texas. 
Aspects of the Eigenvalue Map
The strongest deformation clearly coincides with the faults. However, the fault map and the shortening map were, at this point, independently constructed. The following observations are clear,
(1) Primary faults system is NW-SE.
(2) Secondary faults system is NE-SW. 
Examination of 1D Transect Lines
The map in Figure 3 shows several transect lines. These are parallel to the direction of shortening that the eigenvalue map indicates is most important. The following figures illustrate a specialization of Figures 1A and 1B to treat shortening in a 2D sense along these lines. We begin as in Figures 1A and 1B . Figure 4A shows how the distances shown earlier in 3D are specialized for the linear situation here. The shortening is just the difference between the lengths 6s and ax, and 6s is approximated by the differential form shown. The shortening along a line is just the sum of the individual shortenings at each 6x interval we define along the length of the line.
If we take the reference surface to ' simply be horizontal, then the shortening defined here would be exactly a 1D specialization of the 2D shortening defined earlier.
However, it is possible in 1 dimension to calculate the shortening of two surfaces relative to each other. The times of depositions of these surfaces then gives us the means to calculate the shortening as a function of' time.
IY -1
Assuming relatively uniform deposition, which we do in the Paleozoic of this area,, the difference in length, Length 2 -Length 1, is the amount formation 1 was shortened while formation 2 was being deposited. Formation 2 is thicker in some areas than in others. We are assuming formation 2 is flat where it is deposited, and the changes in thickness are responses to changes in the length (shortening or extension) of formation 1 beneath it.
Compensation for Faulting
Of course, this argument can be repeatcd up the section. If we do so, a set of shortening curves is produced and displayed on transect lines. In these transects, a direct application of the shortening 'calculated above would treat shortening as a drape over faults in the basement. In this case, the shortening .would be exaggerated, and we need to find a way to explicitly allow for the, faulting in ,the movement calculations. This is done with a threshold test applied as follows:
(1) The NE-SW (dip line) sections shown in Figure 3 are divided into discrete intervals.
In our case, we chose intervals of 325 m. (2) The shortening is calculated at each interval, moving from NE (in the stable area of the Midland Basin) toward the SW (the basin bounding fault through Ector County and the deep end of the Delaware Basin). The methods of Figures 4A and 4B are applied directly. (3) If the shortening is some threshold fraction of the discretization grid size (in our case, 325 m), then we say that a fault has, occurred in this grid interval. (4) We assume the faults to be vertical, and the shortening is calculated along a surface projects through the fault as we see in Figure 5 . The younger Permian tops are included more to define burial rates than define deformation.
These formations are rather uniform in the post Pennsylvanian. Deformation is minor, and deformation that does occur is related to drape over older features. This drape is treated in the analysis of Figures 4A and 4B . Figure 6E shows one line (number 4) without the fault corrections above. The drape effects are clearly visible, and the faults are clearly located. The section illustrates the extent to which the data, grid, and contouring in Figure 2 indeed honored the faults.
Conclusions
Given these plots and the foregoing analysis, we conclude:
(1) Midland deformation is Quasi-1D. The NE-SW direction predominates. Faults parallel to this trend show little 2D shortening on the map of Figure 3 . (2) Strain is small. Shortening is only a few 100 m over the width of the basin. (3) Strain is localized near faults. Large areas of the basin show little distortion in Figure  4 . The larger distortions, indicated in the warm colors, are located near the faults. (4) Deformation is concentrated in the down-thrown blocks and to a lesser extent on the crests of up-thrown blocks. Tectonic stress related fracturing will be concentrated in these areas. The fracturing known to occur in less distorted areas will probably be depositional and karstic in nature.
extended during the Ord to P e w , but it undergoes compression throughout much of the rest of its history. All the effects are small.
between the faults and the shortening; these fractures will follow the major tectonic trends of the basin. The brittle lithology of the rocks will let the fractures occur even in the presence of small distortions.
expressed during deposition, they will to some extent control this water movement. Dissolution will follow the fractures.
(5) Early extension and later compress.ion is seen in the sections. The Ellenburger is (6) Fractures will occur in the distorted1 areas, and as seen in the close association (7) Karst formation is related to near surface water motion. This area is well south of the project area and need not be described for purposes of this work. The 2 km reolution produced the red contours. The high frequency, loopy features in the white contours indiucate misties in the control data. Our procedure was to reject these data points rather than try correct them. The data recovery for the formations chosen generally produced many suitable points for each surface. Extreme mistie in the control data. The incorrect point has not only produced a severe bullseye, but it has distorted the surrounding contours as well. Nevertheless, the distortions do not extend much beyond four times the ! h km grid size in the high-resolution grid.
Beyond that radius, the contours in the two grids are generally conformable.
A second source of grid problems stems fiom calculating the grids for the different tops. It is not formally possible to insure that no surface crossings occur. Our correction was to pick a few surfaces that were especially well controlled, like the Ellenburger, Wolfcamp, and trim the other surfaces to not cross them. For instance, the Simpson would be trimmed to not cross the Ellenburger, and the Montoya would be trimmed to
